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ABSTRACT 
 
This work provides an in-depth analysis on the implementation of multi objective 
optimization based on non-dominated sorting for load frequency control by using 
proportional-integral-derivative (PID) controller for interconnected reheat thermal 
power system. The load frequency control is use to control the frequency and inter-area 
(tie line) oscillation. When the load demand slightly changes, the frequency of the 
system will be affected and the control action need be react as soon as possible to 
prevent system instability. The real power is related with frequency which will slightly 
change due to any changing in frequency. The two area power system model will be 
considered in this investigation. The optimization technique which has been 
implemented is the Evolutionary Programming (EP). The weighted sum approach of EP 
is considered in order to provide multiple solution point by varying the weighted. The 
non-dominated point has been selected to optimize the PID gains to provide least 
overshoot value and fast frequency response of the system. Two objectives function will 
be considered for this investigation and has been characterized by the performance 
criterions which are Integral of Time Multiplied Absolute Error (ITAE) and Integral of 
Time Weighted Squared Error (ITSE). Optimum PID parameters which able to provide 
the best performance in terms of lower settling time and less overshoot value in the 
frequency deviation response will be determined.  
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ABSTRAK 
 
Kerja penyelidikan ini merangkumi analisis yang mendalam mengenai 
mengoptimumkan berbilang objektif berdasarkan kepada susunan tidak perusa bagi 
beban kawalan frekuensi dengan menggunakan kawalan PID untuk dua kawasan 
pemanasan semula haba tersaling hubung di rangkaian sistem kuasa. Beban kawalan 
frekuansi digunakan untuk mengawal frekuensi dan ayunan talian pengikat. Apabila 
beban penjana berubah sedikit, frekuensi system juga akan terkesan dan kawan perlu 
bertindak seberapa segara untuk mengelakkan system dari tidak stabil. Kuasa sebenar 
juga berhubung kait dengan frekuensi di mana akan berubah jika frekuensi berubah. 
Dua kawasan tersaling hubung akan dianalisis. Kaedah yang diaplikasi adalah kaedah 
Evolutionary Programming. Pendekatan jumlah pemberat dalam Evolutionary 
Perogramming dipertimbangkan untuk mendapatkan pelbagai penyelesaian dengan 
menaikkan pemberat. Susunan tidak perusa dipilih untuk mengoptimumkan gandaan 
PID bagi menghasilkan maksima terlajak yang kurang dan respon frekuensi yang cepat. 
Dua fungsi objektif dipertimbangkan untuk dua kawasan pemanasan semula haba 
tersaling hubung dan dicirikan oleh kriteria prestasi iaitu ITAE dan ITSE. Parameter 
PID yang optima menghasilkan prestasi yang terbaik dari segi masa pengenapan yang 
rendah dan kurang nilai lajakan dalam respon frekuensi.  
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CHAPTER 1: INTRODUCTION 
 
1.1 Overview 
In the late 18th century, electrical power distribution becomes necessary when the 
electrical is generated at the power station. Before the existence of power station, the 
electrical energy is generated at the place where the electrical power is needed. 
European and United States were the first cities where the electrical distribution system 
started to supply the electricity to lightings in the cities. The electrical power system can 
be divided into several categories which are generation, transmission, distribution and 
utilization of electrical energy which are used to supply energy to the consumers 
continuously with good quality and high level of reliability.  
The important factor that needs to be considered in interconnected power system is 
the ability to supply the consumers with proper interaction between generating, 
transmitting and distributing elements and the stability of the interconnected power 
system. The stability is an important factor need to be highly observed and when the 
interconnected power system is operated in normal operation and when there is change 
in load demand. The imbalance between generation and load must be resolved as soon 
possible to avoid frequency deviation from the nominal value which can cause further 
damages to the system.  
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1.2 Problem Statement  
In thermal power system, because of load changes in the consumer side, the 
frequency varies dynamically. Similarly, maintaining the nominal generator output 
parameters is one of the necessary conditions to obtain optimal system performance. In 
order to preserve the stability of the system, the generator should be able to settle the 
deviation in frequency with less settling time and low overshoot value. The controller is 
required to act as fast as possible for any changes in frequency to maintain the 
frequency within the specific limit. In regards to this, a multi-objective optimization 
technique which is able to provide the optimum PID parameters to achieve both these 
objective is required.  
The non-dominated sorting approach is investigated to obtain the optimum 
parameters value for PID controller in order to achieve the best performance for 
frequency response in terms of settling time and least maximum overshoot.  
 
1.3 Research Objective 
The objectives of this research project are: 
1. To model the two-area interconnected reheat thermal power system. 
2. To propose multi-objective optimization based on non-dominated sorting 
technique for PID parameters of load frequency control. 
3. To determine PID parameters based on minimum settling time and overshoot 
using proposed optimization technique.  
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1.4 Methodology of Project 
This project contains several work scopes to complete the investigation and achieve 
the result. The work scope to be carried out as follows: 
• To model the load the frequency control for single area system and two areas 
system interconnected reheat thermal system in power system generator.  
• To implement the evolutionary programming optimization technique by using 
non-dominated sorting approach.  
• To model the two areas interconnected reheat thermal system in MATLAB 
Simulink with the PID controller based on mathematical modeling to the system. 
• To design the algorithm of evolutionary programming based optimization 
technique for two objectives functions and integrates with the PID controller of 
the LFC.  
• To carry out the simulation process to obtain the non-dominated pareto point to 
evaluate the system performance.  
 
1.5 Overall Research Report 
This research study contains five chapters. In the first chapter, the power system 
overview which describes the general information related power system generation is 
presented. This is follow by the problem statement that is faced in power system 
generation. From the problem statement, the objective of the research is formulated as 
means of solution. In order to describe the research objective, research methodology is 
introduced to find the proper method to describe the overall work scope. 
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The second chapter contains literature review regarding load frequency control for 
single area system and two areas interconnected reheat thermal system research. Also 
related optimization method for load frequency control that is used in the LFC research 
is reviewed.   
The third chapter describes the research methodology based on the problem 
statement. The evolutionary programming algorithm is introduced and tested for multi-
objective functions (dual objective) for different mathematical equations. The load 
frequency control is designed for two area interconnected reheat thermal system.  
Chapter four contains the results of the optimization process which is to obtain the 
non-dominated points from the graph. Then the non-dominated points, optimized 
parameter for PID is obtained and further evaluated. The results are presented in tables 
and figures.  
Chapter five contains the conclusion of the study and the future work of the research.   
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CHAPTER 2: LITERATURE REVIEW 
 
2.1 Introduction 
The real power and active power are two important elements in power system. Real 
power is related to system frequency whereas the active power is related to voltage 
magnitude and it is less sensitive to frequency. The active power and reactive power are 
controlled separately for proper control and stability. The frequency of the system is 
affected if the real power is varies while variation in voltage magnitude is due to 
changes in reactive power in the system. Thus, load frequency control is introduced in 
order to control frequency via active power control against any load changes.  
Load frequency control in interconnected power system is used to restore the system 
frequency if there are any load changes and maintain the tie-line power flow to a 
specified value. Tie-line is the transmission lines that are connected between areas in 
different geographical location. Through this tie-line, the power will be shared between 
different locations/regions. Imbalance between load demand and generation will cause 
the system frequency to be affected where the frequency will decrease if the load 
demand is greater than the power generated. The changes in the load demand is 
uncontrollable due to it being on the consumer side but the imbalance between load 
demand and power generated can be rectified as soon as possible by controlling the 
governor speed on the generator side. 
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2.2 Basic Generator Control Loops 
Load frequency control (LFC) and automatic voltage regulator (AVR) are two 
common equipment that are installed in generator in the interconnected reheat thermal 
system as shown in Figure 2.1. The general diagram of load frequency control and 
automatic voltage regulator of a synchronous generator consists of a frequency sensor 
and a voltage sensor to detect any small changes in frequency and voltage in load 
demand. Both these sensors will produce the signal to the controller which is the load 
frequency control and automatic voltage regulator to react as soon as possible to 
maintain the frequency and the voltage magnitude within a specific limit. Small changes 
related to rotor angle, δ due to changes in speed of generator and frequency will affect 
the real power generated.  
 
Figure 2.1 LFC and AVR schematic diagram in synchronous generator 
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2.3 Load Frequency Control 
Load frequency control is one of the most important elements in the power system to 
maintain the frequency and tie-line power flow at the nominal value. There is 
voluminous work for load frequency control carried out by researchers to achieve the 
best method to maintain the frequency and tie-line interchange between the areas at 
rated value. The most extensively used controls in the industry are based on classical PI 
or PID controller. However, this classical technique have disadvantage such as the 
undesirable speed overshoot and the slow response due to sudden load disturbance 
(Boumediene & Ezzouar, 2002). The voluminous work for load frequency control 
including the control strategies and intelligent technique has been applied to solve the 
frequency regulation problem. Comparative study between PI, optimal and fuzzy 
controller shows optimal and fuzzy controller technique for single area system of load 
frequency control has obtain good performances of frequency response. However, the 
optimal technique highly depends on choices of the weighting matrices. The fuzzy 
controller depends on the expert knowledge to choosing the rule base (Ndubisi, 2011). 
Multi area system based on fuzzy controller has obtain good performance compare to 
Particle Swamp Optimization (PSO) and classical Ziegler-Nichols (Z-N) method (Nour 
El Yakine Kouba, Menaa, Hasni, & Boudour, 2015). Artificial bee colony optimization 
has been applied to obtain the optimal value of the PID controller parameters based load 
frequency control for single area system and multi-area system (N.E.Y. Kouba, Menaa, 
Hasni, & Boudour, 2015). The area control error (ACE) is the input signal of the 
controllers and has been measured in order to satisfy the load frequency control 
objectives which is the parameters tuning are selected depending on the control area 
characteristics (Boumediene & Ezzouar, 2002). 
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Small changes in rotor angle δ will affect the frequency and tie-line real power which 
is measured as error ∆δ. Prime mover is the controllable part which controls the torque 
due to error signal in frequency, ∆f and ∆Ptie. Prime mover receives real power signal 
∆Pv either to increase or decrease the torque in order to bring back the ∆f and ∆Ptie to 
the specified range by changing the generator’s output, ∆Pg.  
In order to design and analyze the control system, mathematical modelling of the 
system should be derived in which in the form of transfer function or state variable. 
Both methods need the system to be linearized for generator model, load model, prime 
mover model and governor model (Hadi 1999). 
2.3.1 Generator Model 
The generator is a system which convert mechanical power to electrical power by 
using the turbine (Nour El Yakine Kouba et al., 2015). The generator model equation is 
described from the swing equation of a synchronous machine and can be given by: 
emdt
d
Ws
H ρρd ∆−∆=∆2
22
                                                    (2.1)  
where: 
• H: inertia constant in per unit 
• Ws is electrical angular velocity 
• mρ   is mechanical power 
• eρ   is electrical power 
It can also be written in terms of small deviation in speed without explicit per unit 
notation as follows: 
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)(
2
1
emHdt
d ρρω ∆−∆=∆                                                       (2.2) 
Equation (2.2) is transformed into Laplace transform as follows: 
)]()([
2
1)( ss
Hs
s em ρρ ∆−∆=∆Ω                                            (2.3) 
2.3.2 Load Model 
In power system, the load can be divided into two categories which are loads with 
resistive element and loads with inductive element. The inductive loads such motor load 
can affect the frequency due to their sensitivity with changes in frequency. The speed 
load characteristic is an important element to show the sensitivity of inductive load to 
changes in the frequency. This relationship of load speed characteristic can be expressed 
as: 
ω∆+∆=∆Ρ DPLe                                                          (2.4) 
• LP∆ : load changes sensitivity without frequency affect 
• ω∆ : load changes sensitivity with frequency affect 
• D: load changing divided by frequency changing in percentage 
By combining generator model in the equation, resultant in the block diagram in 
shown Figure 2.2. 
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Figure 2.2 Generator and load block diagram 
 
2.3.3 Prime Mover Model 
The energy from electricity, turbine or pressure sources can be transformed into 
mechanical energy in order to create source of power. This type of power source can be 
defined as prime mover. In industrial power generator, the principle energy source is 
coming from steam turbine plant, the diesel piston engine and the gasoline piston 
engine. For principle of steam turbine plant, the changes of mechanical output power 
Pm∆  are related to changes in steam valve position VP∆  and can be given by: 
ssP
sPmsG
TV
T τ+
=
∆
∆
=
1
1
)(
)()(                                                (2.5) 
which sTτ is prime mover time constant. 
From equation (2.5), the block diagram for simple turbine is as shown in Figure 2.3.  
 
Figure 2.3 Block diagram for simple turbine 
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2.3.4 Governor Model  
In order to model load frequency control, governor model is one of important part 
that has to be designed and modeled. Basically the governor model has two inputs 
which are changes in frequency and speed changer’s position. Most the governor 
nowadays uses electronic device to sense the frequency and speed changes. When the 
speed changes, the turbine input valve will be adjusted to change the speed to a new 
value by changing the mechanical power output. This new steady state speed 
characteristic is given by: 
)(1)()( s
R
sPsP refg ∆Ω−∆=∆                                      (2.6) 
R is given by 
P∆
∆ω
 and refP∆ is reference set power. 
By assuming the linear relationship between gP∆ and VP∆ , we have equation (2.7). 
)(
1
1)( sP
s
sP g
g
V ∆+
=∆
τ                                          (2.7) 
These two equations (2.6) and (2.7) can be represented in block diagram as shown in 
Figure 2.4 
 
Figure 2.4 Block diagram for governing system speed 
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Then, by combining all block diagram in Figure 2.2, Figure 2.3 and Figure 2.4, will 
represented the block diagram of load frequency control as shown in Figure 2.5. 
 
Figure 2.5 Block diagram of load frequency control 
 
2.4 Optimization Technique 
Optimization is one of the mathematical disciplines which find the maximum or 
minimum value of a function by choosing optimum the input values. There are many 
optimization technique which have been implemented to achieve the best performance 
for power system controller (Kothari, 2012) as shown in Figure 2.6. Basically, 
optimization is the method to find best value of some objective function.  
Evolutionary computation is a type of algorithm which is a subfield of artificial 
intelligence. This algorithm also called as evolutionary algorithm and is used for 
optimization process through evolutionary process which is needs to develop the 
programming codes. Basically through this method, development of population is 
created by iterative process and evolves new population information in order to select 
the best population by using population based approach. The best population is selected 
by randomly search to achieve the main objective. There are reasons the evolutionary 
optimization become popularity that is the evolutionary optimization no need derivative 
information. This technique also relatively simple to implement and another reason is 
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the evolutionary optimization is flexible and have a wide-spread applicability (Deb, 
2011). Evolutionary computation is divided into 4 types that are evolutionary 
programming (EP), Evolutionary Strategy (ES), genetic programming (GP) and generic 
algorithm (GA) (Abdul Aziz, Sulaiman, Musirin, & Shaari, 2013). The application of 
evolutionary algorithm including to minimize transmission losses in power system, 
maximize profit business, maximize car performance, maximize fuel consumption and 
minimize generation cost in power station.  
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Figure 2.6 Optimization Technique Categories 
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